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On page 14, the discussion is considerably confused because of the 
use in a number of places of the phrase "Z-stiffened panel" instead of 
the correct phrase 'Z-section stiffener." This phrase should be corrected 
in the following lines, all on page 14, so that they read as follows: 


Line 5: "twisting of the Z-section stiffener did not seem to be as 
serious as the" 


Line 7: "Although the Z-section stiffener always does twist as failure 
occurs, even" 


Line 13: "о? the Z-section stiffener really occurs only efter the maxi- 
mum load has" 


Line 24: “readily be explained, even if twisting of the Z-section | 
stiffener is" | 


Lines 26-27: “can be made from Z-stiffened panels by turning every 
other Z-section stiffener around and joining the outstanding flanges 
together so that the" 
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By William A. Hickman and Norris F. Dow 
SUMMARY 


Direct-reading design charts are presented for 24S-T3 aluminum- 
alloy flat compression panels having longitudinal formed hat-section 
stiffeners. These charts make possible the direct determination of 
the stress and all panel proportions required to carry a given intensity 
of loading with a given skin thickness and effective length of panel. 

A comparison is made of the relative merits of hat- and Z-stiffened 
panels when used for carrying simple compression and when used as the 
covers of box beams which are subjected to compression plus bending 
and to compression plus bending plus vertical shear. 


INTRODUCTION 


Design charts for wing compression panels have been presented in 
several different forms. (See refs. 1 and 2.) In reference 3, a form 
was presented which permitted the direct selection of the various panel 
proportions for given values of the principal design conditions - 
intensity of loading, skin thickness, and effective length of panel. 
This form also made possible the ready determination of the proportions 
having minimum weight to meet these conditions. 


In the present paper, similar direct-reading design charts are 
presented for 24S-T3 aluminum-alloy flat compression panels having 
longitudinal formed hat-section stiffeners. These charts are based 
on the extensive test data of references 4 to 6. The structural effi- 
ciency of the hat-stiffened panel as evidenced by the charts is then 
discussed relative to the efficiencies previously found for Z-stiffened 
panels both when used for carrying simple compression and when used as 
the covers of box beams which are subjected to compression plus bending 
and to compression plus bending plus vertical shear. 
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SYMBOLS 


The symbols used for the panel dimensions are given in figure 1. 
In addition, the following symbols are used: 


с coefficient of end fixity ав used in Euler column formula 
d rivet diameter, in. 

L length of panel, in. 

p rivet pitch, in. 

P4 compressive load per inch of panel width, kips/in. 

r &ll bend radii, in. 

t cross-sectional area per inch of panel width, expressed as 


an equivalent" or average thickness, in. 


p radius of gyration, in. 

σρ average stress at failing load, ksi 

Ocr stress for local buckling of sheet, ksi 
Sey compressive yield stress, ksi _ 


DIRECT-READING DESIGN CHARTS 


Direct-reading design charts are presented in two forms in fig- 
ures 2 to 13 for 215-Т3 &luninum-alloy flat compression panels with 
longitudinal formed hat-section stiffeners having the properties and 
proportions given in tables 1 to T. Values of the ratios of stiffener 
thickness to skin thickness ty/ts, average spacing of rivet lines to 


skin thickness S/tz (because there are two rivet lines associated 
with each hat section, the stiffener spacing bg plus the distance 
between rivet lines bn equals 2S), and height of stiffener to 
stiffener thickness H/ty, which will satisfy a given set of design 
conditions, may be found directly from these charts, and the corre- 
sponding dimensions and section properties bp/ty, t/tg, h/tg, and 
p/tg шау be found from tables 2 to T. 


o 
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The data on which the design charts are based covered four values 
of the ratio of stiffener width to stiffener height bg/bw, namely 0.55 
0.8, 1.0, and 1.2. Analysis of the results indicated that variations 


in by/by were of little significance, just as it was found in refer- 
ence 2 that variations in the flange widths of Z-sections are of little 


b 
Significance; accordingly, = = O.8 was selected as a representative 
value and the charts were prepared for this value only. Curves which 


show how a variation in ba/br, affects the section properties are 
given in figure 14. 


First form of desi chart.- In the first form of design chart 
(figs. 2 to T), the design conditions of intensity of loading, skin 
thickness, and effective length of panel are incorporated in the 


ordinate P,/tg and the abscissa o This form, having the design 
L/Vc 

conditions incorporated in the ordinate and abscissa, is more useful 

than the alternate form for most design purposes because the curves are 

more widely spaced and interpolation is more straightforward. 


Second (alternate) form of design chart.- In the second (alternate) 
form (figs. 8 to 13); the average stress at failure оғ is plotted 


against P,/tg as was done in the summary plots of reference (. This 


alternate form, having the stress (an inverse measure of weight for a 
given load) as ordinate, is more useful for making generalizations and 

comparsions of structural efficiency than the first form because it 
indicates how nearly the stress actually carried approaches the upper 
limit corresponding to the stress that would be achieved by a pure shell 

construction, if a pure shell could carry the load without failure. 

= P 

This upper limit of stress is represented by the lines for ср = 22 
8 

(infinite stiffener spacing) in figures 8 to 13. 


Color and line conventions used on charts.- Because there are 
several different quantities presented simultaneously on the design 
charts, several line and color conventions have been used to distinguish 
among them. For example, in the first form of design chart (figs. 2 
to T) dashed lines are used to indicate values of average stress at 
failure Ср; whereas, on the alternate form of design chart (figs. 8 

P 
to 13) dashed lines are used to indicate values of - 7 だ . Tn both forms 
ο 
the value of Ор corresponding to the point &t which each curve is cut 


by a short heavy line is the value of the stress for local buckling σεχ 
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for the proportions represented by the curve. For example, the value 

ОҒ σεν for H = 20 and = = 19.9 in figure 2 is approximately 
W S - 

29 ksi. (оолу а very short panel of these proportions would buckle 


Fi > 0.17.) If the value 
L/yc 

of σον is so low that the short heavy line would fall outside the 
boundaries of the chart, a numerical value of σεν is given and is 
associated with the proper proportions by a leader to the curve. The 
panel proportions which have minimum weight are indicated on both forms 
of these charts by the use of colors as follows: 


before failure - one having a value of 


(1) If the proportions correspond to a blue line or region, they 
are the proportions which give the lightest possible 218-Т3 hat- 
stiffened panel which will meet the design conditions 


(2) If the proportions correspond to a red line or region, they 
are the proportions which give the lightest possible 24S-T3 hat- 
stiffened panel at the ratio of stiffener thickness to skin thickness 
given by that particular chart, but some other thickness ratio would 
give a lighter design | 


(3) If the proportions correspond to a white region, the 215-Т3 panel 
will meet the design conditions but will not be the lightest panel 
which will meet the conditions 


Because in many cases the proportions may be varied somewhat from 
those indicated by the red and blue colors with little change in the 
value of the stress that can be carried, too much importance should not 
be attached to the exact proportions indicated by the colors to have 
minimum weight. TIn any particular case for which a deviation from the 
minimum-weight proportions is made, however, caution dictates that the 
weight penalty associated with this deviation be determined. 


Minimum-weight designs.- As an adjunct to the design charts them- 
selves, the stresses achieved by the panels having the proportions 
indicated in the design charts to have minimum weight are summarized 
in figures 15 and 16 for use in weight or efficiency studies. Figure 15 
covers the most general case, in which no minimum skin thickness is 
required. In this case curves of σρ plotted against the structural 


index p lg measure the panel structural efficiency. This figure also 
C 


demonstrates the stated insignificance of a variation in bg/by. 


Since the skin thickness of wing compression panels is often fixed 
by the requirements of adequate torsional stiffness of the wing, curves 


vy 
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which show the effect of a variation in sheet thickness also provide a 
useful evaluation of the relative structural efficiencies of stiffened 
panels; accordingly, figure 16 was prepared. In this figure, the aver- 
age stress corresponding to that for minimum weight (as determined by 
the procedure given in ref. T, appendix A) is plotted against the 


f Pi PE _ 0.8 
parameter P,/tg for a series of values of Ж for m . Û. 


USE OF THE DIRECT-READING DESIGN CHARTS 


The manner of using the direct-reading design charts depends in 
some measure on the desired degree of precision of interpolation among 
the curves. For many purposes, interpolation by inspection is of ade- 
quate accuracy, and the use of the charts requires only the calculation 


Pi 

to permit the 
L/Vc к 
desired proportions to be read directly from the curves. The propor- 
tions for minimum weight, moreover, may be found directly as those 
corresponding to the blue region of the curves. 


of the values of the design parameters P,/tg and 


If more accurate interpolation is desired, a plot can readily be 
made of H/ty, Op, and бор against S/tg at the given values of 


P 
P; /ts and : 7 だ and the proportions can be.picked from it. (This 


plot is similar to that which results from the use of the minimum- 

weight design procedure with the previously available design charts, 
refs. 2 and T.) On a plot of this type, the proportions for minimum 
weight correspond to those associated with the highest value of Go. 


As a check on the accuracy of interpolation, the cross-sectional 
area per inch of width of the design may be determined from the values 
of t/ta given in tables 2 to T, and the value of the intensity of 


loading Р; that сап be carried on this cross-sectional area per inch 
at the value σρ given by the charts may then be compared with the 
design value of P4. 


The value of Og obtained from the design charts сап be achieved 


only if the panels are riveted with large-diameter closely spaced rivets 
that have essentially the same strength characteristics as the AlTS-TÀ 
aluminum-alloy rivets used for the test specimens of references 5 and 

6. Reference 8, which presents curves for determining the rivet diame- 


ter and pitch required to insure the development of a given average 
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stress for local instability, may be used 88.8 guide for determining 
the effect of variations in riveting. Whereas the data of reference 8 
are for AlTS-Th flat-head rivets (ANUh2AD)? references 9 and 10 show 
that the NACA flush rivet, which was used for the hat-stiffened panels, 
compares very favorably in strength with a flat- or round-head rivet. 


ILLUSTRATIVE EXAMPLES 


In order to illustrate the use of the direct-reading design charts 
and the simplicity of the computations associated with them, two panels 
are designed from them. The first panel design illustrates the simple 
case for which interpolation is not & problem. The second design 
illustrates possible difficulties in interpolation which may be 
encountered. 


First example (interpolation straightforward).- For the first 
example & panel 1s designed for minimum weight to meet the following 
principal design conditions, namely: 


(1) Intensity of loading P4 - h.O kips per inch 


(2) Skin thickness tg = 0.064 inch 


(3) Effective length е 20 inches 


c 


P 
First the values of P,/tg and —i. are calculated as follows: 
L/yc 
N. 

s RT 

ts 0.061 

P 

ЗИРЕ 02054 
1/ү/с 20 | ks 


Then а trial value of stiffener thickness to skin thickness ty/tg is 


assumed. If desired, figure-16 may be used to aid in the selection of 
a suitable ratio of stiffener thickness to skin thickness. For the 
example, however, in order to illustrate the use of the charts when 


t 
& nonoptimum thickness ratio is chosen, — = 1.25 is used. In the 
5 


NN 
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chart for this value of ty/ts (fig. 7), the points corresponding 


lie in the red region at 


to the design values of P,/tg and 
© 


8. го (or - - 19). Accordingly, the v&lue of Н/5ү for minimum 


tw W 


t 
weight for z- 1.25 is 20, and because the value is established by 
5 


а red region, not а blue one, some value of tw/ts other than 1.25 
will give less weight. 


Inspection of the charts for other values of ty/tg reveals that 


P 
1 fall on 
К L/vc 
a blue line at +Ç = 30 on the chart for = 0.79 (fig. 5). The 
S 
panel proportions corresponding to this blue line are = = 30 c 
— = 29] and 2208 32.5 (ог 2 м 34], and for these proportions 
S S 
σε % 30.5 ksi and doy € 26 ksi, which are the values for minimum 


weight. The actual panel dimensions can be calculated from these 
proportions as 


the points for the given design values of P,/tg and 


W + 


tW = v 


S 


= 0.79 x 0.06% = 0.051 in. 


= 30 X 0.051 = 1.53 in. 


= 32.5 x 0.064 = 2.08 in. 
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and the section properties can be determined from table 5 as 


h 
rc 
= 6.21 x 0.064 = 0.397 in. 
n pte ы: - 
p s to 


8.58 x 0.064 = 0.549 in. 


As a check on the accuracy of interpolation, the magnitude of t/t, 
for these proportions can be determined from table 5 and multiplied by 
the values of tg and Or for the design. This product should be 


equal to the design value of P4. For the example 
Ор = 20-8 ksi == 


t 


S 2.05 


02 


therefore 


30.5 x 2.05 x 0.064 = 4.0 kips/in. 


which agrees with the design value of P, originally assumed. 


Second example (interpretation of interpolation difficult).- Because 
of the wide range of proportions covered in this panel program, each 
figure in the design charts must also cover a wide range of proportions. 
Because an increase in the size of the charts over that previously used 


JD 
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did not seem desirable, the change in proportions from plot to plot 
within the charts was increased; consequently, interpolation has to be 
made within wider gaps and hence is less straightforward. Moreover, 
the position of the blue and red regions shifts considerably from plot 
to plot to correspond to the substantial change in proportions, and, 
therefore, interpolation to determine the region in which the minimum- 
weight design lies also may be difficult in some cases. 


Possible difficulties of interpolation and a typical solution are 
demonstrated by the following example. Assume that a panel design for 
minimum weight is required to meet these design conditions, namely: 


(1) P; = 3.0 kips per inch 


0.051 inch 


“м 
ГО 
ck 

の 
| 


І, 
3) — = 18 inches 
(3) = 


From these design conditions, values of Pi/tg and may be calcu- 


Рі 
L/Vc 


lated as follows: 


— - = 58.8 ksi 
te 0.051 
P 
i 3.0 
жылы ニニ ーー nd l6T kat 
L/yc 18 
The point on the summary plot (fig. 16) corresponding to these values 
P 
of P4/tg and = appears by visual interpolation to fall on the 
C 


boundary between the regions for which values of ty/tg of 0.79 and 
1.00 are most efficient. Accordingly, both figures 5 and 6 for values 
of tw/ tg of Ο. ΤΟ and 1.00, respectively, will be used in order to 
find which one yields the lighter design. 


In figure 5, the points corresponding to the design values of 


P;/ts and Pi lie above a blue line at = 
L/Vc W 


— 30 and below & red 
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line at "in 10. In figure 6, the corresponding points are above a 
red line at = 25 and below a blue line at = = 30. An interpo- d 
W W 
t 
lated value for τὸ = 0.79 might have the following proportions 
S 
= = 32 
бу 
р 
-8 = 36 
ts 
-- ty 
and develop a stress Op = 29 ksi. Corresponding values for a 1,00 
S 
might be E "ON 
2852 26 
tw 
b 
-5 254 
tg 
and 


As might be deduced from the fact that the charts do not indicate = 
an advantage for either a thickness ratio of 0.79 or 1.00, there is 


t 
little difference in the stress that can be carried for шэн O. (ο 
S 


or 1.00. In fact, the difference is smaller than can be detected 
accurately by visual interpolation. The accuracy of interpolation ЭРЭ? 


can be improved by making a plot of H/ty and Gp against S/tg 
as has been done for this example in figure 17. From this plot, the 
minimum-weight design conditions corresponding to the maximums of the 


2 t : 
curves of бр plotted against S/tg for zd = 0.79 are found to be 
S 
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Q 
H) 
il 
№ 
や 
ro 
Ë 
H 


and 


24,8 ksi 


Q 
II 


cr 


Ihe panel dimensions can be calculated from these proportions as 


= 0.79 x 0.051 = 0.040 in. 


= 30.8 x 0.040 L,23 Ай» 


S = = + 
tg ° 


= 33.6 x 0.051 = 1.11 in. 


and the section properties are 


= 201 
h = — t 
5 

ts 


6.35 x 0.051 = 0.324 in. 


18 


As a check on the accuracy of interpolation, the same procedure 
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8.81 x 0.051 = 0.450 in. 


as 


followed in the previous section may be used; that is, 


Ps = 
tw 
For — = 1.00, the 
ts 
and 
Thus 


get 
= E 
Ор ts 8 


29.2 x 2.02 X 0.051 = 3.0 kips/in. 


minimum-weight design conditions are 


H bw 
— = 25.6 [or — = 24.6) 
бу ( tw 
s — bs _ 
ts = 45 € ts = 55.4) 
σε = 28.6 ksi 
σεν = 18.3 ksi 
ty 
ty = — t 
"ts. - 


1.00 x 0.051 = 0.051 іп. 
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= 25.6 X 0.051 = 1.30 in. 


15 x 0.051 = 2.29 in. 
The section properties are 


h 


h 
tg Ὁ 


6.94 x 0.051 = 0.35 in. 


Ὅ 
1 
| 

dr 


9.58 x 0.051 = 0.189 in. 


Αα & check, 


28.6 x 2.05 x 0.051 = 3.0 kips/in. 


13 
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COMPARISONS OF НАТ- AND Z-STIFFENED PANELS 


Simple compression.- Previous comparisons (refs. 4 and 5) have 
made the characteristics of the hat-stiffened panel appear disappointing 
relative to the Z-stiffened.panel despite the inherent stability of the 
hat-stiffened panel ацдап pudsting. For straight compression, the 
twisting of the Z-ü&tifftehed І did not seem to be as serious as the 
typically twisted аррергапое of failed specimens (fig. 18) would suggest. 


Although the ze ened always does twist as failure occurs, ever 


when its proportions are definitely such that failure is precipitated 
by some mode of distortion other than twisting, the twisted appearance 
of failed specimens was evidently misleading. The indications were 
ШЕ. for а much wider range of proportions than had been realized 

includin ose ch are gtructurally efficient), destructive twistin 
of the "RO CICER really occurs only after the maximum load has ° 
been reached. 


The failure of the hat-stiffened panel to be structurally superior 
to the Z-stiffened panel &t low values of the parameter P; /ts (see 


fig. 16) can readily be accounted for by the fact that at low values 
of P,/tg — that is, at relatively large values of tg which must be 


accompanied by wide stiffener spacings — only stiffeners like Z-sections 
having one rivet line per stiffener can readily be spaced to support 
the sheet at equal intervals. On the other hand, the reason why there 
are not at least some proportions for which hat-stiffened panels are 
more efficient in compression than Z-stiffened panels c ot so 
readily be explained, even if twisting of the Z-55i$feHed-Hànel із 
not serious - specifically, proportions for which ς᾽ разе ів 
сар be made from Z-stiffened panels by turning every other Z- м : 
=U fee round and joining the outstanding flanges together so that the 
sheet is left supported at equal intervals. If the hat section is 
considered to buckle as a rectangular tube buckles, it should buckle 
at a higher stress than the Z- or channel section which is one-half 
the rectangular tube. For example, the coefficient k in the plate- 
buckling formula for a rectangular tube 0.8 as wide as it is high is 
given in reference 11 as approximately 4.63; whereas the k-value for 
a Z-section with a flange-to-web-width ratio of 0.4 is given as only 
3.74%. Tn the high-stress region of close stiffener spacings where 
buckling and failure coincide, therefore, the hat section should be 
superior to the Z-section. Because the tests reported in references h 
to 6 did not cover hat-stiffened panels having such close stiffener 
spacings and because the details of construction used for the hat- 
stiffened panels of those references may have been unfavorable to the 
hat-stiffened panel, the precisely equivalent hat- and Z-stiffened 
panels shown in figure 19 were constructed and tested in order to 
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investigate this possible superiority of closely spaced hat sections. 
Details of construction of the Z-stiffened panels were the same as 

those of the panels of reference 2 and were identical with the details 
of construction (bend radii, widths of attachment flanges, and riveting) 
of the corresponding six hat-stiffened panels. The proportions were 
chosen in order to achieve relatively high stresses and relatively high 


P 
structural efficiencies. (s v&lues of WWE of 0.12 and 0.30 ksi, 
L/yc 
respectively, the charts of reference 2 indicate that there are no 
more efficient 24S-T3 aluminum-alloy Z-stiffened panel cross sections 


than the two investigated. 


The twelve comparative hat- and Z-stiffened panels were compressed 
flat-ended in the same manner as in other NACA panel tests. The results 
are given in table 8(a). 


The data of table 8(a) show that the hat-stiffened panels were at 
best 11 to 13 percent stronger than the equivalent Z-stiffened panels. 
In other words, for the proportions for which the hat-section panel 
&ppears best suited — that is, for those proportions for which the 
sheet is supported at equal close intervals so that high stresses are 
achieved — the hat-stiffened panel is somewhat superior structurally 
to the Z-stiffened panel for carrying simple compression. 


Combined compression and bending.- Questions have arisen as to 
whether, when the stiffened panel is used as the cover of a box beam 


subjected to shear and bending combined with compression, the twisting 
of the Z-section does not become more serious than in simple compres- 
sion. Hat-stiffened panels have been used in some cases in preference 
to Z-stiffened panels simply because of uncertainty about the twisting 
of the Z-section under such conditions of combined loads. Actually, 
the effect of such bending superposed on compression is to some extent 
covered by the data already published on which the design charts of 
references 12 and 13 &re based. The test panels from which these data 
were obtained always bent toward the skin as the compressive load was 
increased because of initial bow induced by the rivets which expanded 
the skin as they were driven. At the center of the panel where there 
is & maximum of twisting this initial bow induced & compressive stress 
in the outstanding flenges of the Z-sections which was higher than the 
average stress on the cross section. At the center of & Z-stiffened 
panel in the compression surface of the wing, the stress in the out- 
standing flanges tends to be: (1) reduced below the average stress on 
the cross section because the flanges are nearer the neutral axis of 
the wing than the centroidal axis of the panel cross section and 

(2) increased above the average stress on the cross section by the 
bending between ribs caused by the local air loads. For example, if 
the design illustrative of the use of the charts of reference 12 was 
located in the upper surface of & wing having its neutral axis 6 inches 
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from the centroidal axis of the panel and the local air load was 5 psi, 
the stress in the outstanding flanges in the center of the panel would 
be: (1) reduced by not-more than 5.1 ksi by the proximity of the 
flanges to the neutral axis of the wing and (2) increased by approxi- 
mately 5.7 ksi by the local-air-load bending. The resulting slight 
increase in stress is similar to that caused by the initial bow in 

the test specimens and appears unlikely to cause much more severe 
twisting of the Z-sections than occurred in the compressive tests. The 
best comparable hat=panel design for this example is far removed from 
the proportions for which the sheet is supported &t equal close inter- 
vals. Accordingly, here the hat section is inefficient, as indicated in 


figure 15 which shows that, at the design values of τὰ = 47 ksi and 


те” 0.15 ksi, the hat-stiffened panel сап at beg ERA a stress 

10 percent below the value of 30.5 ksi indicated by figure 19 of refer- - 
ence 7 to be achievable by a Z-stiffened panel. Hence, twisting has to 

be appreciably more serious than that found in compression before the 
hat-stiffened panel can become more efficient than the Z-stiffened panel, 

at least for the conditions of the example and for similar conditions 


encountered in practice. 


In order to study more thoroughly the effect of bending combined 
with compression, the box beams shown in figure 20 were constructed and : 
tested. The compression covers of these beams were made up of equivalent 
hat- and Z-stiffened panels of the same cross sections as those used for 
the previous compressive comparison. The boxes were tested in combined 
bending and compression in the combined load testing machine of the : 
Langley structures research laboratory with the compression covers 
bearing flat-ended against the testing machine platens as in previous 
compression tests and the ratio of bending moment to compression main- 
tained to keep the distance from the centroid of the panel cross section БЕ 
to the neutral axis of the beam between 1 and 1.5 times the stiffener 
height. The lengths of the boxes were the same as the lengths of the 
longest compression specimens of table 8(а). The results of the box-beam 
bending tests are given in table 8(Ъ). 


The stresses at the centroids of the panel cross sections sat the 
maximum loads carried in the box-beam bending tests, as calculated by 


the М2 _ formula and confirmed by stra&in-gage measurements, were within 


£9 percent of the corresponding values obtained in the compression tests. 
There was no evidence that the Z-section was made less efficient by the 
bending combined with the compression; in fact, the Z-stiffened panels 
were relatively better, compared with the hat-stiffened panels in these 
bending tests, than they were in simple compression. 


Combined compression, bending, and shear.- The effects of vertical 


shear combined with bending and compression on a box beam with a stiffened 


3D 
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panel used as the cover &re more complicated to investigate than simple 
bending and compression alone because the stress in the panel varies 
along its length and the effect of the gradient of the stress must be 
considered along with the effect of the shear. Four additional boxes, 
duplicates of those tested in bending, were tested in bending plus 
vertical shear to make the stress gradient such that the stresses at 
one end of the beam were 25 percent higher than those &t the other end 
of the beam. The results are given in table 8(c). The maximum stresses 
at the panel centroids at maximum load were in every case in excess of 
those for the pure bending case. The Z-stiffened panels as compared 
with the hat-stiffened panels were even better under the combined loads 
than in simple bending. 


Loading conditions and stiffener configurations not yet considered.- 
The effects of local air load and torsion on the box of which the stiff- 
ened panel is the cover are still to be evaluated experimentally. No 
clear reason is evident at present why the local air load should be more 
harmful to either the hat- or the Z-stiffened panels. For torsion, the 
hat section would appear to have advantages over the Z-section because 
of the ability of the hat section to relieve some of the shear stress 
in the skin underneath it. Whether these advantages would be signifi- 
cant would depend upon the ability of the sheet between the hat section 
to carry the shear, thus, the hat-stiffened panel would appear best 
suited for applications involving close stiffener spacings. 


When the spaces between hat sections are appreciably greater than 
those under the hat sections - as they are more likely to be the thicker 
skinned the construction - the hat section is at a disadvantage relative 
to the Z-section because the Z-sections can be spaced on the skin at 
equal intervals. This inherent advantage of the Z-stiffened panel has 
been noted in previous structural-efficiency comparisons (refs. 4 and 5), 
and the present box-beam tests have produced no evidence to show that 
the advantage will disappear when the Z-stiffened panel is used as the 
cover of such a beam subjected to bending or to bending plus vertical 
shear rather than to simple compression. 


CONCLUDING REMARKS 


Structural evaluations of hat-section stiffeners, together with 
the direct-reading charts presented herewith for designing hat-stiffened 
panels, have indicated that the hat-section stiffener is structurally 
better than the Z-section stiffener for only a limited range of appli- 
cations at best. For carrying simple compression, and when used as the 
covers of box beams which are subjected to compression plus bending or 
to compression plus bending plus vertical shear, the Z-stiffened panel 
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compared very favorably with the hat-stiffened panel, even in the range 
of close stiffener spacings for which the hat section is best suited. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aéronautics, 
Langley Field, Уа., Мау 20, 1952. 


NACA TN 2792 19 


REFERENCES 


Langhaar, Henry L.: Design of Hat-Type Plate-Stringer Combinations. 
Auto. and Aviation Ind., vol. 91, no. 11, Dec. 1, 191, pp. 28-32 
and 103-10Н, 


Schuette, Evan H.: Charts for the Minimum-Weight Design of 
24S-T Aluminum-Alloy Flat Compression Panels With Longitudinal 
Z-Section Stiffeners. NACA Rep. 827, 1945. (Supersedes NACA 
ARR L5F15. ) 


Dow, Norris F., and Hickman, William A.:  Direct-Reading Design Charts 
for 75S-T Aluminum-Alloy Flat Compression Panels Having Longitudi- 
nal Straight-Web Y-Section Stiffeners. NACA TN 1640, 1948. 


Schuette, Evan H., Barab, Saul, and McCracken, Howard L.: Compres- 
sive Strength of 24S-T Aluminum-Alloy Flat Panels With Longitudinal 
Formed Hat-Section Stiffeners. NACA ΤΝ 1157, 19h6. 


5. Hickman, William A., amd Dow, Norris F.: Compressive Strength of 


10. 


248-Т Aluminum-Alloy Flat Panels With Longitudinal Formed Hat- 
Section Stiffeners Having & Ratio of Stiffener Thickness to Skin 
Thickness Equal to 1.00. NACA TN 1h39, 1947. 


Hickman, William А., and Dow, Norris F.: Compressive Strength of 
245-Т Aluminum-Alloy Flat Panels With Longitudinal Formed Hat- 
Section Stiffeners Having Four Ratios of Stiffener Thickness to 
Skin Thickness. NACA TN 1553, 1948. 


Dow, Norris F., and Hickman, William A.: Design Charts for Flat 
Compression Panels Having Longitudinal Extruded Y-Section Stiffeners 
and Comparison With Panels Having Formed Z-Section Stiffeners. 

NACA TN 1389, 1947. 


Dow, Norris F., and Hickman, William A.: Effect of Variation in 
Rivet Diameter and Pitch on the Average Stress at Maximum Load 
for 24S-T3 and 75S-T6 Aluminum-Alloy, Flat, Z-Stiffened Panels 
That Fail by Local Instability. NACA TN 2139, 1950. 


Rossman, Carl A., and Schuette, Evan H.: Data on Compressive Strength 
of Flat Panels With Z-Section Stiffeners. NACA RB, Sept. 1942. 


Dow, Norris F., and Hickman, William A.: Preliminary Investigation 
of the Relation of the Compressive Strength of Sheet-Stiffener 
Panels to the Diameter of Rivet Used for Attaching Stiffeners to 
Sheet. МАСА RB L4I13, 1944. 


20 | NACA TN 2792 


ll. Stowell, Elbridge Z., Heimerl, George J., Libove, Charles, and 
Lundquist, Eugene E.: Buckling Stresses for Flat Plates and 
Sections. Proc. А.5.С.Е., vol. 77, separate no. 77, July 1951, 
рр. 1-31. | 


l2. Dow, Norris F., апа Keevil, Albert 8., Jr.:  Direct-Reading Design 
Charts for 215-Т Aluminum-Alloy Flat Compression Panels Having 
Longitudinal Formed Z-Section Stiffeners. NACA TN 1778, 1949. 


13. Hickman, William A., and Dow, Norris F.: Direct-Reading Design 
Charts for 75S-T6 Aluminum-Alloy Flat-Compression Panels Having 
Longitudinal Extruded Z-Section Stiffeners. NACA TN 2435, 1952. 


NACA TN 2192 
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TABLE 8.- VALUES OF AVERAGE STRESS AT MAXIMUM LOAD FOR COMPARATIVE 


HAT- AND Z-STIFFENED SPECIMENS 


Average stress, Ор, Кві 


Hat-stiffened Z-stiffened Hat-stiffened Z-Btiffened 
panel panel panel panel 


(b) As the compression covers of box beams aubjected to 


bending plus compression 


(c) As the compression covers of box beams subjected to 
bending plus vertical shear plus compression 


1511 compar&tive specimens were constructed from the ваше sheets 
of bare 2hS-T3 aluminum alloy. The compressive yield stress for these 
sheets was found to vary from 44.0 ksi to 46.0 ksi. : 
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